Finite element modeling of laminated composite plates with locally delaminated interface subjected to impact loading by Abo Sabah, Saddam Hussein Ali
  
FINITE ELEMENT MODELING OF LAMINATED COMPOSITE PLATES WITH 














A project report submitted in fulfilment of the 
 requirements for the award of the degree of  





Faculty of Civil Engineering 



































 First and foremost, I would like to express my thanks to Allah who is the one 
that helped me and guided me finish this study on time. Second, I would like then to 
express my sincere appreciation to my supervisor of this final year project, Dr. 
Ahmad Kueh Beng Hong for his continuous guidance, professional advices, support, 
motivation, and encouragement to complete this study. 
 
 Also, I would like to extend my thanks to my colleagues and friends, 
especially Nadera Najib, Mohamud Abdilrahman, and Mohmed Saakhee for their 
continuous support and help. Moreover, I would like to express my gratitude to 
Universiti Teknologi Malaysia for the facilities and opportunities given to me to 
pursue this study. 
 
 Last but not least, I would like to thank my parents and family for their 










 This project report presents the finite element formulation for the 
investigation of the effects of interface imperfection on the impact behavior of a 
laminated composite plate. The interface condition between the laminas plays a very 
important role in the determination of the behavior of the composite laminates. If the 
bonding is imperfect, it has high possibility to delaminate progressively. Most of the 
previous studies on laminated composites were carried out adopting the assumption 
that the laminas are perfectly bonded. However, the existence of a perfect interfacial 
bond in a real laminated composite seems to be impossible. Therefore, this study 
aims to investigate the effect of localized interface imperfection on the behavior of a 
laminated composite plate when subjected to low velocity impact loading for various 
fiber orientations. A thin, flat, rectangular laminated plate with two layers of E-
glass/Epoxy transversely isotropic lamina and an orthotropic interface layer between 
them are considered in this study. The interface is modeled as a layer of zero 
thickness and zero mass, and the imperfection factor is applied locally to the 
interface. By using MATLAB, the stiffness matrix, mass matrix, and the impact 
force vector are formulated and programmed in order to obtain the deformation of 
the plate. The results show that as the separation of fiber orientation between the two 
laminas increases, both central deflection and energy absorption increase. The 
increase of delamination area leads to plate’s damage due to the increase in the 










 Laporan projek ini membentangkan rumusan unsur terhingga bagi menyiasat 
kesan ketidaksempurnaan antaramuka pada tingkah laku impak plat komposit 
berlapis. Keadaan antaramuka lamina memainkan peranan yang amat penting dalam 
menentukan tingkah laku komposit berlapis. Jika ikatan tidak sempurna, ia 
mempunyai kemungkinan yang tinggi untuk berpisah secara progresif. Kebanyakan 
kajian terdahulu mengenai komposit berlapis telah dijalankan dengan menggunakan 
andaian bahawa lamina adalah terikat dengan sempurna. Walaubagaimanapun, 
kewujudan ikatan antaramuka yang sempurna dalam komposit berlapis sebenar 
adalah mustahil. Oleh itu, kajian ini bertujuan untuk mengkaji kesan 
ketidaksempurnaan setempat antaramuka pada kelakuan plat komposit berlapis 
apabila dikenakan beban impak halaju rendah untuk pelbagai orientasi serat. Plat 
berlapis segiempat nipis dan rata dengan dua lapisan isotropi melintang E-
kaca/epoksi dan lapisan antaramuka ortotropik telah dipertimbangkan dalam kajian 
ini. Antaramuka telah dimodelkan sebagai lapisan ketebalan sifar dan berjisim sifar, 
dan faktor ketidaksempurnaan telah dikenakan secara setempat kepada antaramuka. 
Dengan menggunakan MATLAB, matriks kekukuhan, matriks jisim, dan vektor daya 
impak telah dirumus dan diprogramkan untuk mendapatkan ubah bentuk plat. 
Keputusan menunjukkan bahawa apabila pemisahan orientasi gentian antara kedua-
dua lamina meningkat, kedua-dua pesongan pusat dan penyerapan tenaga juga 
meningkat. Peningkatan kawasan pemisahan membawa kepada kerosakan plat yang 
disebabkan oleh peningkatan dalam tenaga yang diserap, dengan akibat ubah bentuk 
yang lebih tinggi. 
 
